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NATURE  OF  INFLAMMATION. 


When  a part  of  the  body,  visible  externally,  is  the  seat  of  inflammation,  the 
observer  perceives  it  to  be  preternatm-ally  red,  swollen,  and  preternaturally  hot ; 
the  patient,  moreover,  says  that  he  feels  it  hot  and  painful.  The  conditions  on 
which  these  symptoms  depend  are,  on  the  whole,  sufficiently  obvious;  but  the 
nature  of  theprocess  which  leads  to  them — in  other  words  the  theory  of  in- 
flammation— is  very  obscure,  and  has  always  been,  and  still  is,  an  object  of 
much  debate  and  inquiry  with  pathologists. 

As  it  is  microscopical  parts  which  are  immediately  concerned  in  the  inflamma- 
tory process,  it  is  only  since  pathologists  became  acquainted,  by  means  of  the 
microscope,  vvilh  those  parts  and  their  mode  of  action,  that  any  real  advance  has 
been  made  in  the  inquiry.  The  parts  referred  to  are  principally  the  corpuscles 
of  the  blood  and  the  capillary  ve.ssels.  In  entering,  therefore,  on  the  task  of  report- 
ing on  the  theory  of  inflammation,  it  will  be  useful  to  premise  the  following  points 
regarding  the  blood  and  its  circulation  in  the  capillaries  in  the  healthy  state; 

; I.  BLOOD  IN  THE  HEALTHY  STATE. 


§ 1.  In  human  blood,  after  being  drawn,  the  red  corpuscles  aggregate  together 
like  coins  in  rolls.  This  aggregation  takes  place  in  the  course  of  half  a minute 
or  so  after  the  blood  is  drawn,  when  the  blood  is  in  a healthy  state,  with  its  plasma 
of  ordinary  thickness;  when,  on  the  contrary,  the  blood' is  not  in  the  healthy 
state,  but  has  a more  inspissated  plasma,  the  aggregation  of  the  red  corpuscles  is 
so  rapid  that  it  is  found  to  have  already  taken  place  by  the  time  the  blood  can  be 
transferred  to  the  microscope  and  examined. 

_ § 2.  The  admixture  of  certain  reagents  with  the  blood  influences  the  aggrega- 
tion. Some  promote  it,  others  prevent  it;  those  which  promote  it,  if  anylhing, 
give  rise  to  endosmose  rather  than  to  e.xosmose;  among  those  which  prevent  it 
are  found  as  well  such  as  give  rise  to  exosmose  as  those  which  give  rise  to  endos- 
mose. It  appears  to  be  viscidity  of  the  fluid  fa  certain  proportion  of  salts  beino- 
at  the  same  time  dissolved  in  it,)  in  which  they  are  suspended,  which  especially 
promotes,  though  is  not  the  cause  of,  the  tendency  to  the  aggregation  of  the  red 
corpuscles.  u 

§ 3.  In  the  newdy-drawn  blood  of  the  frog  a sort  of  aggregation  of  the  red 
corpuscles  is  also  observed  ; but  instead  of  having  their  surfaces  fully  applied  to 
each  otlier,  and  being  raised  up  on  edge,  as  in  human  blood,  the  red  corpuscles 
for  the  most  part,  he  flat,  and  merely  partially  overlap  each  other,  like  the  coins 
of  a loll  which  has  been  thrown  loosely  down.  The  admixture  of  mucilage  of 
gum  with  a little  common  salt  in  solution,  which,  in  human  blood,  much  augments 
ttiougli  in  an  irregular  and  confused  manner,  the  aggregation  of  the  red  cor- 
puscles has  comparatively  little  effect  on  the  blood  of  the  frog.  Henle  states 
that  white  of  egg  causes  the  red  corpuscles  of  frog’s  blood  to  aggregate  into 
heaps  ; but  this  does  not  appear  to  be  to  any  greater  amount  than  when  muci- 
lage of  gum,  with  a little  salt  in  solution,  is  the  reagent  employed. 

§ 4.  Though  the  red  corpuscles  of  the  blood  of  the  frog  have  less  disposition  to 
aggreg^e  than  those  of  human  blood,  the  colourless  corpuscles  appear  to  have  more 

§ 5 The  red  corpuscles  of  the  blood  of  the  frog,  as  seen  circulating  within  the 
vessels  of  the  web,  do  not  show  the  nucleus,  or  that  very  indistinctly^;  but  when 
di-awn  from  the  body,  the  presence  of  the  nucleus  is  suffi- 
c ently  evident.  The  immediate  cause  of  this  difference  appears  to  be,  that  in 

linsif!  red  corpuscles  are  more  distended,  in  the  latter  more  col- 

lapsed.  For  the  reason  hat  they  are  more  collapsed  after  being  drawn,  the  red 

the  red  corpuscles  is  c^incidLnt 
with  the  occuirence  of  the  tendency  to  aggregate. 
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II.  CAPIU.AHY  CIRCm.ATlON  IN  THE  HEALTHY  STATE. 

§ G.  As  tlic  capillary  circulation  cannot  be  observed  in  the  human  body,  refer- 
ence is  made  to  observations  on  the  web  of  the  frog’s  foot  for  what  is  neces- 
sary to  be  said  on  the  subject,  as  a preliminary  to  inquiries  into  the  action  of 
the  blood  and  of  the  capillaries  in  inflammation.  In  pursuing  these  latter  in- 
quiries, recourse  must  also  be  still  had  to  observations  on  the  web  of  the  frog’.s 
foot.  And  it  was  in  reference  to  this  necessity  to  have  recourse  to  observations 
on  the  frog,  that  the  above  remarks  regarding  its  blood  in  comparison  with  that 
of  man  were  made. 

§ 7-  When  the  circulation  in  the  web  of  the  hind  foot  of  a frog  is  carefully  ob- 
served under  the  micro.scope,  the  colourless  corpuscles  of  the  blood  are  .seen,  espe- 
cially if  the  velocity  of  the  stream  be  diminished  by  pressure  on  the  limb,  for 
example,  accumulated  on  the  inner  surface  of  the  walls  of  the  vessels,  along 
which  they  slide  or  roll  over  and  over  very  slowly  in  compari.son  wiih  the  red 
corpuscles  which  occupy  the  axis  of  the  stream,  and  move  directly  onwards. 

§ 8.  From  these  differences  in  the  position,  and  in  the  mode  and  rapidity  of 
progression  of  the  two  kinds  of  coipuscles  of  the  blood,  it  would  appear  that  there 
exists  some  sort  of  attraction  between  the  colourless  corpuscles  and  the  walls  of 
the  vessels,  but  an  absence  of  attraction,  if  not  a repulsion,  between  the  red  cor- 
puscles and  these  walls,  as  also  between  the  red  and  colouiless  corpuscles. 

§ 9.  Though  the  red  corpuscles  keep  together  in  the  axis  of  the  stream,  there 
is  not  apparent  among  them  any  tendency  to  aggregate,  like  what  is  observed 
when  the  blood  is  drawn  from  the  body. 

§ 10.  Through  the  very  smallest  capillaries,  besides  plasma  and  a few  colour- 
less corpuscles  one  after  the  other,  a red  corpuscle  is  only  now  and  then  observed 
to  pass — a circumstance  which  is  to  be  explained,  not  by  the  too  great  size  of  the 
reel  corpuscles,  (for  they  can  readily  accommodate  themselves  to  ves.sels  of  a dia- 
meter less  than  their  own,)  but  by  a reference  to  the  circumstance  of  an  absence 
of  attraction  or  the  existence  of  a positive  repulsion  betw'een  the  red  corpuscles  and 
the  walls  of  the  vessels.  The  plasma  and  colourless  corpuscles,  by  virtue  of  their 
attraction  for  the  walls  of  the  vessels,  readily  enter  very  small  ones,  but  when 
a red  corpuscle  would  enter,  it  comes  within  the  sphere  of  the  repulsion  of  the 
walls  of  the  vessels,  and  is  as  it  were  warded  off.  And  when  it  does  happen  that  a 
red  corpuscle  enters  one  of  the  smallest  capillaries,  it  appears  to  be  only  by  being 
actually  forced  in  by  accidental  pressure  from  behind. 

III.  PHENOMENA  ATTENDING  THE  FIRST  STEPS  OF  THE  INFLAMMATORY  PROCESS,  ! 

I VISIBLE  BY  THE  MICROSCOPE.  , 

§ 11.  To  proceed  now  with  the  inquiry  into  the  nature  of  the  inflammatory 
proce.ss. 

If  the  w'eb  of  the  frog’s  hind  foot,  displayed  under  the  microscope,  be  irritated, , 
mechanically  or  chemically,  an  opportunity  is  obtained  of  witnessing  what  is  mi- 
croscopically observable  of  the  first  steps  of  the  traumatic  inflammatory  process! 
which  is  excited. 

§ 12.  Very  soon,  then,  after  the  web  of  the  frog’s  foot,  thus  displayed  under  the 
microscope,  has  been  mechanically  or  chemically  irritated,  accumulation  and 
stagnation  of  the  blood  in  the  capillaries,  including  the  terminations  of  the  arteries  . 
aim  radicles  of  the  veins  of  the  part,  is  observed  to  take  place ; but  amidst  the 
obstructed  vessels  a few  here  and  there  may  still  be  seen  pervious,  and  through  i 
them  the  stream  of  blood  is  very  rapid.  The  accumulation  and  stagnation  of  the 
blood  in  the  small  ve.«sels  is  always  preceded  by  a retardation  of  its  flow — this  re- 
tardation of  the  How  of  blood,  having  or  not  having  been  preceded  by  the  opposite  - 
condition  of an  accelerated  flow. 

§ 13.  The  acceleration,  when  it  does  occur,  and  the  retardation  of  the  flow  of ' 
blood  are  coincident  with  changes  in  the  width  of  the  vessels — the  former  with 
constriction,  the  latter  w’ith  dilatation.  Omitting  from  further  consideration  the 
accelerated  (low  of  blood,  and  the  constricted  state  of  the  vessels  with  which  it  is 
coincident,  as  not  constant,  let  the  behaviour  of  the  blood  during  the  retardation 
of  its  flow  and  at  the  time  of  its  stagnation  be  inquired  into. 
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§ 14.  a.  Colourless  corpicscles.  During  the  retarded  flow  of  blood  immedi- 
ately preceding  stagnation,  an  accumulation  of  colourle.ss  corpuscles  is  observed 
to  take  j)lace  on  the  inner  surface  of  tlie  walls  of  Ihe  dilated  small  vessels,  similar 
to  what  occurs  in  the  healthy  state  when  the  velocity  of  the  stream  of  blood  is 
diminished.  (§  7.) 

§ 15.  4.  lied  corpuscles.  While  the  accumulated  colourless  corpuscles  may 
have  even  become  stagnant  on  the  walls  of  the  vessels,  the  red  corpuscles,  though 
in  increased  quantity,  in  proportion  to  the  plasma,  still  continue  to  float  on,  but 
more  and  more  slowly,  until  complete  stagnation  ensues.  They  are  somewhat 
more  collapsed  than  natural ; hence  they  appear  redder,  and  their  nucleus  is  less 
indistinctly  seen — a change  similar  to  what  takes  place  in  the  red  corpuscles  of 
newly-drawn  blood.  (§  5.) 

§ 16.  The  red  corpuscles  appear  to  be  the  agents  principally  concerned  in  the 
stagnation  of  the  blood.  The  mode  in  which  this  is  seen  to  be  brought  about  was, 
for  the  sake  of  contrast  with  the  phenomena  attending  the  cii-culation  in  the  ca- 
{hllaries  in  the  natural  state,  briefly  described  on  a former  occasion  in  this  Review. 
(Oct.  1842.)  It  was  there  stated  to  be  by  the  red  corpuscles  agglomerating  to- 
gether, and  applying  themselves  here  and  there  flat  against  the' walls  of  the  ves- 
sels, and  adhering  to  them ; whilst  other  red  corpuscles  applied  themselves  to  those 
already  adherent. 

§ 17.  The  same  phenomena  had  been  described  by  others  before  ; and  Emmert* 
and  Vogel, t in  their  publications  of  about  the  same  date,  have  given  similar  but 
more  detailed  accounts  of  the  mode  in  which  the  stagnation  of  the  blood  is  seen  to 
take  place. 

According  to  Emmert  (ut  supra,  pp.  72-84,)  the  colour  of  the  red  corpuscles 
becomes  somewhat  deeper,  whence  they  appear  individually  less  transparent. 
The  surface  appears  less  smooth,  the  inequalities  of  the  edges  can  be  perceived 
with  peculiar  distinctness.  The  corpuscles  at  the  same  time  acquire  the  property 
of  remaining  adherent  to  each  other  and  to  the  walls  of  the  vessels  when  they  come 
into  contact  with  them.  If  attention  be  directed  to  the  streams  of  blood  in  the 
radicles  of  the  veins  which  have  just  come  out  from  the  dilated  capillary  network, 
the  adhesion  of  individual  blood-corpuscles  to  each  other,  is  still  often  to  be  seen. 
Sometimes  they  adhere  to  each  other  more  with  their  points,  so  long  as  they  lie 
behind  each  other  ; sometimes  it  is  the  lateral  edges  or  some  parts  of  the  sur- 
faces which  are  agglutinated. 

Vogel’s  account  is  as  follows  : (pp.  315-26.) 

When  the  flow  of  blood  becomes  retarded  and  oscillations  commence,  the  blood- 
corpuscles  apply  themselves  more  to  each  other ; the  individual  corpuscles  may, 
indeed,  be  still  perfectly  distinguished  from  each  other,  but  they  touch  each  other, 
and  are,  in  the  smaller  capillaries,  often  pressed  close  together  by  their  surfaces,  in 
the  manner  of  rolls  of  coin.  The  space  next  the  walls  of  the  vessels  appears  to  be 
merely  filled  with  plasma.  In  complete  stagnation  of  the  blood,  this  space  dis- 
appeais,  the  interior  of  the  vessel  is  completely  filled  with  blood-corpuscles, 
which  are  closely  aggregated  together,  and  form  an  apparently  homogeneous  indis- 
tinctly granulous  mass,  in  which  individual  blood-corpuscles  can  scarcely  be  dis- 
tinguished. But  this  fusion  is  merely  apparent ; for  if  the  blood  be  evacuated 
by  opening  the  vessels,  the  individual  corpuscles  again  appear  quite  distinctly. 

§ 1 8.  In  reference  to  the  account  in  this  Review  for  October,  1842,  above  re- 
ferred to,  of  the  mode  of  stagnation  of  the  blood  in  the  capillaries  of  the  web  of 
the  frog’s  foot,  when  irritated  mechanically  or  chemically.  Dr.  Williams, J after 
noticing  what  the  author  had  said  of  the  aggregation  of  the  red  corpuscles  of 
human  blood,  newly  drawn  during  inflammation,  observes,  “ But  Mr.  W.  Jones  is 
premature  in  assuming  that  a similar  aggregation  of  the  blood-corpu'-cles  occurs 
within  the  blood-vessels,  and  is  the  cause  of  obstruction  in  the  capillaries  in  in- 
flammation and  other  cases  of  impeded  circulation.  No  such  cohesion  is  seen  in 

• Buitriigc  zur  Pathologie  und  Therapic,  lleft  1 j Bern,  1042. 

' W.agncr’s  llandwoctctbuch  der  Physiologic,  Art.  < EnUUndung.’  t Principles  of  Med.,  p.09,  § IDi). 
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llie  large  vessels  of  a frog’s  web,  when  tli&motion  of* the  blood  is  arrested  by  pres- 
sure on  a vein  ; and  although  the  blood  does  coagulate  (?)  in  some  of  the  vessels 
of  an  inflamed  part,  this  will  be  hereafter  shown  to  begin  with  the  colourless 
rather  than  with  the  red  particles.” 

§ 19.  Leaving  for  after-consideration  the  latter  propo.sition,  the  author  of  this 
Report  would  remark,  that,  considering  the  place  and  mode  in  which  Uie  above 
allegation  is  made,  that  he  '‘assumes”  that  an  aggregation  of  the  blood-corpuscles 
similar  to  that  presented  by  buflfy  blood  occurs  within  the  blood-vessels,  and  is 
the  cause  of  obstruction  in  the  capillaries  in  inflammation,  one,  confiding  in  the 
accuracy  of  Dr.  Williams,  would  suppose  that  the  author  of  this  Report  made  the 
imputed  assumption  because  the  reel  corpuscles  of  human  blood  drawn  from  a per- 
son labouring  under  acute  inflammation  aggregate  more  rapidly  and  closely  than 
in  blood  from  a healthy  person.  How  much  soever,  the  author  of  this  Report 
believes,  as  will  be  seen  below,  that  the  greatly  increased  tendency  of  the  red 
corpuscles  of  bujly  blood  to  aggregate  would  promote  the  action  of  the  exciting  cause 
of  inflammatory  sta,sis,  it  was  never  for  a moment  his  opinion  that  such  increased 
tendency  was  a neces.sary  condition  for  inflammatory  stasis,  knowing  that  this  may 
arise  from  a slight  injury,  and  when  the  mass  of  blood  is  still  quite  healthy. 

§ 20.  But  suppose  Dr.  Williams  did  not  mean  to  impute  any  such  opinion, 
but  merely  intended  to  say  that  the  author  of  this  Report  “assumed”  that  an  ag- 
gregation of  the  blood  corpuscles  occurs  within  the  blood-vessels,  similar  to  that 
which  healthy  blood  newly  drawn  presents,  and  is  the  cause  of  obstruction  in  the 
capillaries  in  inflammation,  the  author  begs  to  observe  again,  that  how  much 
soever  he  believes  it,  as  will  be  seen  below,  he  did  not,  in  the  paper  referred  to, 
either  state  it  or  assume  it.  lie  merely  stated,  without  any  particular  reference 
to  the  aggregation  of  the  red  corpuscles  of  human  blood,  what  he  had  observed, 
what  others  have  observed,  and  what  Dr.  Williams  himself  appears  to  have  see7i, 
though  be  has  not  sufficiently  reflected  on  it,  in  regard  to  the  mode  in  which  stasis 
takes  place  in  the  capillaries  of  the  web  of  the  frog’s  foot,  in  consequence  of  me- 
chanical or  chemical  irritation,  and  contrasted  it  with  the  phenomena  attending 
the  circulation  in  the  capillaries  in  the  natural  state.  Further,  if  the  author  did 
not  either  state  or  assume  any  such  thing  in  regard  to  inflammation,  much  less 
did  he  do  .so  in  regard  to  “ other  cases  of  impeded  circulation.”  Had  the  author 
stated  or  assumed  this.  Dr.  Williams  would  certainly  have  been  correct  in  bring- 
ing forward,  in  refutation  of  it,  the  argument  he  does.  But  when  Dr.  Williams 
makes  use  of  the  argument  referred  to  in  refutation  of  the  other  “assumption”  which 
he  imputes  to  the  author,  viz.,  that  aggregation  of  the  red  corpuscles  within  the 
blood-vessels  is  the  cause  of  obstruction  in  inflammation,  he  errs  very  greatly. 
The  condition  of  blood  arrested  in  the  capillaries  by  pressure  on  a vein  is  surely 
quite  different  from  that  of  blood  in  the  relaxed  and  dilated  vessels  at  the  time  of 
inflammatory  congestion,  or  of  blood  after  it  has  been  drawn  from  the  body. 

But  to  return  from  this  digression : 

§ 21.  c. Plasma.  This,  it  has  been  said,  (§  15,)  becomes  proportionally  dimi- 
nished in  quantity  in  consequence  of  the  accumulation  of  the  red  corpuscles.  How 
far  this  proportional  diminution  in  the  quantity  of  plasma  is  owing  to  its  drain- 
ing away  from  among  the  stagnating  red  corpuscles  into  the  veins,  and  how  much 
to  the  serous  exudation  through  the  walls  of  the  vessels  which  occurs  about  the 
time  of  stagnation,  will  form  a subject  of  inquiry  further  on. 


IV.  EXPLANATION  OF  THE  MICROSCOPICALLY- VISI BLE  PHENOMENA  ATTENDI.NO 
THE  FIRST  STEPS  OF  THE  INFLAMMATORY  PROCESS. 

§ 22.  Retardation  of  the  flow  of  blood  in  the  .small  vessels,  and  that  coincident 
with  dilatation  of  their  caliber,  and  at  last  accumulation  and  stagnation  of  the 
blood-corpuscles  in  I lie  ve.ssels  thus  constitute  the  first  phenomena  constantly 
apprecialile  by  the  microscope  in  the  inllamniatory  jirocess,  as  ob.served  in  the 
frog.  The  macroscopical  phenomena  of  inflammation  in  man  seem  to  warrant 
the  inference  that  the  microscopical  ones  are  essentially  the  same  in  him  as  m 
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the  frog.  The  explanation  of  these  phenomena,  therefore — their  sequence  and 
relations — is  justly  considered  the  key  of  the  whole  theory  of  inflammation. 

§ 23.  Is  dilatation  of  the  small  vessels  primary,  and  retardation  of  the  flow  of 
blood  in  them  secondary,  or  is  the  contrary  the  case  ? That  dilatation  is  primary 
and  retardation  of  the  flow  of  blood  the  necessary  physical  result  of  the  preceding 
dilatation,  is  maintained  by  most  recent  authors.  And  though  they  have  good 
reason  on  their  side,  it  is  to  be  observed  that,  considering  the  peculiar  vital  en- 
dowments of  the  blood  and  the  vessels,  the  fact  of  the  case  is  not  so  unconditional 
as  it  might  seem  at  first  to  be,  judging  merely  from  the  flow  of  non-vital  fluids  in 
inert  tubes.  For,  as  accumulation  and,  lastly,  stagnation  of  the  blood  soon 
supervene  on  the  retarded  flow,  and  as  that  accumulation  and  stagnation  must, 
as  will  be  shown,  acknowledge  some  other  cause  than  dilatation  of  the  vessels, 
this  retarded  flow  might  be  attributed,  as  is  done  by  Vogel,  to  the  commencing 
operation  of  that  cause,  whatever  it  is,  which  determines  the  accumulation  and 
stagnation;  and  the  dilatation  itself  to  distension  from  the  accumulated  blood, 
and  therefore  secondary.  To  this  it  is  to  be  replied,  however,  that  dilatation  of  the 
vessels  from  distension  by  accumulated  blood  would  be  subsequent,  by  an  appre- 
ciable interval,  to  the  retardation  of  the  flow  of  blood,  which  it  is  not;  for  there 
is  already  dilatation  with  coincident  retardation,  before  accumulation  has  taken 
place  to  an  extent  sufficient  to  produce  distension. 

^ 24.  The  opinion,  therefore,  above  stated  as  that  entertained  by  most  authors 
is  to  be  considered  just,  but  only  so  far  as  it  goes,  for  it  does  not  embrace  the 
whole  truth.  The  truth  appears  to  be  this : — Dilatation  is  primary,  but  the 
retardation  of  the  flow  of  blood  is  in  part  only  the  physical  effect  of  it,  being  greater 
than  the  dilatation  is  sufficient  physically  to  account  for.  The  other  cause  in  opera- 
tion is  the  same  as  that  which  at  last  determines  the  accumulation  and  stagnation  of 
the  blood,  as  will  be  explained  below.  By  the  accumulation  of  the  blood,  how- 
ever, there  is  a secondary  dilatation  of  the  vessels — one  from  distension,  but  which 
more  particularly  implicates  the  capillaries — perhaps  is  the  sole  dilatation  of  which 
the  capillaries  proper  are  the  seat,  as  will  immediately  be  shown.  This  view  is 
much  the  same  as  that  entertained  by  Vogel  in  regard  to  certain  ca.sesonly,  viz., 
those  in  which  common  congestion  passes  into  inflammatory  congestion.  It  being 
Vogel’s  opinion  that  it  is  in  common  congestion  only  that  dilatation  of  the  vessels 
is  primary,  and  that  in  inflammatory  congestion  it  is  from  distension  alone,  and  al- 
together secondary.  But  there  do  not  appear  to  be  any  grounds  for  this  opinion. 

§ 25.  Having  thus  determined  that  there  is  primary  dilatation  of  the  vessels, 
the  next  subject  of  inquiry  is  the  nature  of  the  dilatation.  Does  dilatation  depend 
on  an  active  state  of  the  walls  of  the  vessels,  or  on  a state  of  relaxation  ? The 
prejudice  that  inflammation  is  a .state  of  increased  action  of  all  the  parts  con- 
cerned, which  has  led  some  (justly  believing  that  constriction  is  the  active 
state  of  the  ve.ssels)  to  maintain  that  the  vessels  are  constricted  in  inflammation, 
has  led  others  (knowing  that  the  vessels  are  really  dilated  in  inflammation)  to 
maintain  that  their  dilatation  is  an  active  state.  This  vievv  was  most  strenuously 
maintained  by  the  late  Professor  Macartney  of  Dublin,  and  more  recently  it  has 
been  advocated  by  Lotze.  (Allg.  Pathologic  und  Therapie  als  mecanische  Natur- 
wissenschaften,  Leipzig,  1842,  pp.  277-368.)  Dr.  Copland  maintains  that 
in  sthenic  inflammation  the  vessels  .are  actively  dilated,  and  that  a larger  column 
of  blood  circulates  in  them  with  increased  velocity.  In  asthenic  inflammation 
Dr.  Copland  admits  the  dilatation  of  the  vessels  to  be  owing  to  relaxation,  and 
that  the  flow  of  blood  in  them  is  retarded  or  arre.sted.  John  Hunter,  while  he 
admitted  relaxation  of  the  muscular  powers  of  the  walls  of  the  vessels,  spoke^ 
of  the  dilatation  of  the  vessels  as  if  it  were  an  active  state,  believing  it  to  be  to  a 
greater  extent  than  could  be  permitted  without  force  by  the  elasticity  of  the  ves- 
sels. This,  however,  was  evidently  a mistake  on  the  part  of  Hunter,  produced 
by  clinging  to  the  prejudice  of  increased  action.  Eisenmann  (Haeser's  Archiv, 
1841,  pp.  239-349),  and  Heine  (Physio-pathologische  Studieb  ; Stuttgardt  und 
Tubingen,  1842,  p.  156),  again  justly  believing  that  constriction  is  the  active 
state  of  the  vessels,  and  at  the  same  time  aware  that  in  inflamniation  there  is 
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dilatation  of  vessels,  have  souglit  to  reconcile  tliis  fact  with  the  prejudice  that 
intlauimation  is  a state  of  increased  action,  by  supposing,  as  Haller  had  done, 
the  existence  of  spasmodic  contraction  in  one  part  of  the  vessels  and  dilatation 
from  distension  immediately  behind ; Eisenmann  believing  the  distended  part  of 
the  vessel  still  in  an  active  state,  but  its  contractile  force  overcome  by  the  disten- 
sion  from  within ; Heine  again  supposing  that  the  distended  part  is  relaxed  like 
the  part  of  intestine  behind  the  contracting  part. 

Farther  details  of  these  and  such  views  it  is  unnecessary  here  to  give,  as  the 
arguments  brouglit  forward  in  their  support  are  too  fallacious — too  inconsistent 
with  established  physiological  principles,  or  as  they  are  opposed  to  the  results  of 
direct  observation. 

§ 26.  Animal  physiology  recognizes  no  other  motor  agent  than  contractile 
fibre,  i.  e.,  a fibre  capable,  under  certain  conditions,  of  becoming  shortened  in 
the  direction  of  its  length,  and  that  with  force,  but  when  no  longer  under  these 
conditions  readily  resuming  its  former  length.  As  therefore  the  walls  of  vessels 
are  formed  of  circular  contractile  fibres,  diminution  or  constriction  of  caliber 
must  be  the  only  result  of  their  active  state,  and  dilatation  of  their  caliber  the 
result  of  their  relaxation  or  passive  state. 

§27.  To  this  add  the  results  of  the  direct  observation  among  others,  of  Alison  : 
— “ In  a series  of  observations  made  in  Edinburgh,”  says  Alisou  (Outlines  of 
Pathology  and  Practice  of  Medicine,  pp.  116-117),  “ on  the  arteries  leading  to 
inflamed  limbs  in  horses  at  different  parts  of  their  course,  and  at  different  periods 
of  the  inflammation,  it  always  appeared  that  tliese  vessels  possessed  less  of  the 
only  vital  power  which  experiments  authorize  us  to  ascribe  to  them;  that  they  had 
less  power  to  propel  their  contents  than  those  of  the  opposite  sound  limbs.* 

§ 28.  As  to  the  small  arteries,  the  dilatation  of  their  caliber,  as  observed  taking 
place  in  the  web  of  the  frog’s  foot  under  the  microscope,  one  would  think  could 
suggest  no  other  interpretation  than  that  it  is  an  analogous  state  of  relaxation  to 
what  is  more  unequivocally  appreciable  in  the  larger  arteries,  whilst  diminution 
of  their  caliber  is  a state  of  activity  of  their  w'alls.  But,  according  to  Lotze,  it  is 
a prejudice  to  admit,  from  analogy,  that  the  walls  of  the  fine  vessels  must  contract 
like  the  larger  in  the  state  of  activity.  He  is  of  opinion  that  it  is  not  unscientific 
to  view  in  the  one  a condensation,  in  the  other  a separation  of  the  molecules,  as 
the  consequence  of  nervous  activity.  Henle,  in  objecting  to  this,  well  remarks, 
“ Whoever  has  himself  made  researches  in  any  department  of  natural  science,  will 
not  estimate  lightly  proof  from  analogy.  Error  is  indeed  possible,  and  a conclusion 
from  analogy  therefore  remains  an  hypothesis  until  observation  has  confirmed 
it.  But  it  IS  somewhat  different  to  distrust  such  an  hypothesis,  or  as  Lotze  does, 
to  set  up  an  hypothesis  which  is  directly  opposed  to  analogy."  (‘Bericht,’  p.  97.) 

§ 29.  It  is  to  be  concluded  then,  as  first  suggested  by  Vacca,  and  in  corroboration 
of  which  microscopical  observations  were  first  adduced  by  Wilson  Philip,  and  now 
admitted  by  most  authors  on  the  subject,  that  the  dilatation  of  the  arteries  in 
inflammation  is  a state  of  relaxation  or  paralysis,  not  of  activity.  Having  come 
to  this  conclusion  the  next  inquiry  is  as  to  whether  the  capillaries  and  venous  radi- 
cles have  contractile  coats,  and  are  therefore  subject  to  dilatation  from  relaxation. 

§ 30.  Though  constriction  and  dilatation  of  the  cai>illariesand  radicles  of  the  veins 
are  said  to  take  place  as  well  as  constriction  and  dilatation  of  the  small  arteries,  it 
is  proper  to  observe  that  it  is  the  latter  alone  which  are  seen  under  the  microscope 
to  be  ihe-seat  of  such  marked  constriction  and  dilatation  of  their  caliber,  as  apiMMr 
to  be  owing  to  an  action  of  their  coats  of  the  same  nature  as  vital  contractility. 
So  marked  is  the  difference  in  this  respect  between  the  small  arteries  and  the 
capillaries,  that  whilst  the  caliber  of  the  artery  may  be  observed  to  become  almost 
wholly  obliterated  for  the  time  by  contraction  of  its  walls  throughout  the  whole 


• Tlic  Incrcnscil  fiircc  with  which  the  nrlcrles  Ic.nlini;  to  an  iiillamc<l  part  throb,  thus  c.mnot  lie 
owioR  to  liurcased  action.  It  is  owing,  a.s  polnicil  out  by  Dr.  Hilling  ami  Mr.  Davies,  to  this,  that, 
being  relaxed,  they  yield  more  re.idlly  to  tlie  Impulse  of  the  blood  propelled  Into  them  .it  each  slrobe 
of  t|ie  heart. 


9 


extent  of  the  part  of  tlie  vessel  under  observation,  or  at  intervals  presenting  the 
appearance  of  a series  of  strictures,  a varicose  appearance,  as  Wedenieyer  ex- 
presses it,  the  capillaries  into  which  it  opens  continue  to  preserve  their  caliber 
little  or  not  at  all  changed. 

§ 31.  It  is  to  be  remarked,  in  opposition  to  this,  that  Emniert,  who  formerly- 
denied  the  contractility  of  the  walls  of  the  capillaries,  has  recently  admitted  it,  and 
estimated  the  diminution  of  their  caliber  by  the  contraction  which,  from  moderate 
irritation,  always  precedes  dilatation,  to  amount  to  one  quarter  or  one  fifth  of  the 
diameter  of  the  vessels.  This  amount  of  constriction  of  the  capillaries  is  very  small 
in  comparison  with  that  presented  by  the  arteries  The  dilatation,  again,  of  the 
capillaries  succeeding  the  constriction,  is  stated  by  Emmert  to  be  as  much  as  one 
third  to  one  half  and  more.  The  radiclesofthe  veins  do  not  present  any  greater  dimi- 
nution of  caliber  than  the  capillaries,  though,  like  them,  they  admit  ofgreat  dilatation. 

§ 32.  Not  being  satisfied  that  the  capillaries  and  radicles  of  the  veins  have  con- 
tractile walls,  and  admit,  therefore,  of  primary  dilatation  from  relaxation,  the 
author  of  this  Report  is  disposed  to  believe  that  dilatation  of  the  capillaries  and 
radicles  of  the  veins  is  secondary  to  the  retardation  of  the  flow  of  blood  in  the 
arteries,  and  is  owing  to  distension  from  the  accumulating  blood.  The  constriction 
of  caliber  which  the  capillaries  are  said  to  present,  though  to  a small  amount,  may 
be  ascribed  to  elastic  reaction  of  their  walls,  as  it  exists  at  the  time  when  the 
arteries  are  constricted  and  when  the  flow  of  blood  is  accelerated  and  not  impeded 
by  any  tendency  of  tbe  red  corpuscles  to  accumulate.  It  is  left  undetermined 
whether  rarefaction  or  condensation  of  the  parenchyma  in  which  the  capillaries 
are  distributed  have  any  influence,  as  Vogel  thinks,  on  their  constriction  or 
dilatation. 

§ 33.  It  being  thus  certain,  to  use  the  words  of  Dr.  Alison,*  that  during  the 
whole  time  when  inflammation  and  effusion  consequent  on  it  are  mo.st  evidently 
going  on,  the  condition  of  all  the  vessels  fpossessing  contractile  walls)  leading  to 
and  passing  through  the  inflamed  part,  is  one  not  of  contraction  but  of  relaxation ; 
the  question  before  us,  viz.,  whether  the  phenomena  of  inflammation  can  be  ex- 
plained by  the  alteration  of  the  vital  powers  of  the  vessels  in  which  the  blood 
moves,  is,  Dr.  Alison  thinks,  narrowed  to  this Does  that  state  of  relaxation 
afford  a sufficient  explanation  of  the  changes  which  take  place  in  the  inflamed 
parts  ? 

§ 34.  The  effect  of  relaxation  of  the  vessels  is  dilatation,  and  the  effect  of  dila- 
tation is  retardation  of  the  flow  of  blood  ; though,  as  has  been  said,  and  as  will  be 
shown  below,  tbe  whole  amount  of  the  retardation  which  takes  place  is  not  alone 
the  direct  physical  effect  of  the  dilatation.  But  putting  this  question  aside  for  the 
present,  let  it  be  inquired  what  effect  the  retardation  of  the  flow  of  blood  has  in 
producing  accumulation  and  stagnation  of  the  corpuscles. 

1st.  Accumulation  and  stagnation  of  colourless  corpuscles. 

§ 35.  The  colourless  corpuscles  which  accumulate  on  the  inner  surface  of  the 
walls  of  the  dilated  vessels  during  the  retardation  of  the  flow  of  blood,  have  been 
alleged  by  Dr.  Williams  to  be  actually  new  formations  occurring  at  tlie  moment. 
Having  direct6d  attention  particularly  to  this  point,  the  author  of  this  Report  can 
venture  to  maintain  that  the  colourless  corpuscles  which  are  observed  to  accumulate 
on  the  walls  of  the  vessels  are  no  new  formations  called  forth  at  the  mornent ; 
but  that,  as  stated  on  a former  occasion  in  this  Review,  they  already  exist  in  the 
blood,  'fhat  when  the  velocity  of  the  stream  of  blood  is  great,  the  colourless  are 
mingled  and  carried  along  with  the  red  corpuscles,  but  when  the  velocity  of  the 
stream  is  diminished  from  any  cause — whether  one  of  a temporary  nature  or  that 
leading  to  inflammatory  congestion— the  colourless  corpuscles  become  extricated 
from  among  the  red  ones  and  come  into  contact  with  the  walls  of  the  vessels, 
where,  rolling  slowly  along  or  actually  remaining  stagnant,  they  accumulate  in 
great  numbers. 


“ Ul  supra,  p.  113. 
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The  same  view  of  the  matter  is  taken  by  Emmert,* 

2<1.  Accumulation  and  stagnation  of  red  corpuscles. 

§ 36.  Has  tlie  retardation  of  the  flow  of  blood  any  influence  in  determining  tlie 
accumulation  and  stagnation  of  the  red  corpuscles  ? In  other  words,  does  retard- 
ation of  the  flow  of  blood  lead  to  accumulation  and  stagnation  ? 

The  mere  retardation  of  the  flow  of  blood  does  not,  as  in  the  case  of  the  colourless 
corpuscles,  operate  in  determining  the  accumulation  and  stagnation  of  the  red 
corpuscles.  Whilst  the  colourless  corpuscles  alwaj-s  accumulate  and  stagnate, 
when  from  any  cause  retardation  of  the  flow  of  blood  takes  place,  (being,  on  ac- 
count of  their  want  of  attraction  for  the  red  ones,  extricated  from  among  them, 
and  by  virtue  of  their  attraction  for  the  wall  of  the  vessels  brought  into  contact 
with  it,)  the  red  corpuscles  having,  under  ordinary  circumstances,  no  such  attrac- 
tion for  the  walls  of  the  vessels,  pass  on  along  with  the  plasma. 

§ 37.  Accumulation  and  stagnation  of  red  corpuscles  not  being,  as  is  the  case 
with  the  colourless  corpuscles,  determined  by  a retardation  of  the  flow  of  blood  in 
the  vessels,  how  are  their  accumulation  and  stagnation  determined  ? Has  the  accu- 
mulation of  colourless  corpuscles  itself,  which  residts  from  retardation  of  the  flow 
of  blood,  any  share  in  determining  the  accumulation  and  stagnation  of  the  red 
corpuscles  ? 

Dr  Williams  conceives  that  the  accumulation  of  colourless  corpuscles,  or,  as  he 
expresses  it,  the  “increased  production’’  of  colourless  corpuscles  and  their  remark- 
able disposition  10  adhere  to  the  walls  of  the  vessels  and  one  another,  to  be  the 
chief  cause  of  obstruction  of  the  circulation  in  an  inflamed  part,  and  that  by  en- 
tangling the  red  corpuscles  among  them. 

§ 38.  This  opinion  is  not  more  warranted  by  what  is  really  to  be  observed  by  meatis 
of  the  microscope  than  is  the  view  that  the  accumulation  of  colourless  corpuscles  is 
owing  to  an  instantaneous  increased  production  of  them.  At  the  time  of  stagnation 
of  the  red  corpuscles  there  may  be  not  more  colourless  ones  than  may  often  be  seen 
at  a time  when  the  circulation  is  going  on  without  any  tendency  of  the  blood  to 
stagnate.  Dr.  Williams’s  own  figure,  p.  213,  shows  this.  Besides,  Dr.  Williams 
has  observed  how  the  red  corpuscles  can  accommodate  themselves  in  order  to  glide 
past  obstructions, — a circumstance  which  shows  how  little  likely  they  are,  when 
otherwise  unaffected  by  any  change,  to  be  entangled  by  the  colourless  corpuscles 
or  any  other  impediment  not  presenting  a complete  barrier. 

s 39.  This  explanation  given  by  Dr.  Williams,  of  the  immediate  cause  of  stag- 
nation of  the  blood  in  the  small  vessels  of  an  inflamed  part,  is  a mere  mechanical 
one  • and  though  of  a more  refined  character  than  most  other  such  explanations,  it 
is  not  in  reality  better  founded.  For  a very  able  refutation  of  any  explanation  of 
(he  phenomena  of  inflammation  on  simply  mechanical  or  chemical  principles,  or  by 
anv  combination  of  the  two,  reference  may  be  made  to  Alison’s  ‘ Outlines  of 
Pathology  and  Practice  of  Medicine,’  p.  108 ; and  for  a refutation  of  the  la^st  ex- 
planation of  the  kind  which  has  appeared  on  the  continent,  viz.,  that  of  Dubois, 

reference  may  be  made  to  Henle’s  Report.t  r ,1  a 

§ 40.  Do  relaxation  and  dilatation  of  the  vessels,  with  retardation  of  the  now 
of  Wood,  considered  by  themselves,  act  in  any  way  in  determining  stagnation  of 
the  blood  ? 

Henlet  thinks  they  do  and  that  in  the  following  manner  : 

As  a pliysical  consequence  of  dilatation  of  the  vessels  there  takes  place  a retarded 
flow  of  blood.  This  retarded  flow  of  blood,  together  with  the  relaxation  and  dilata- 
tion of  the  vessels,  favours  the  e.xudation  of  serum ; the  consequence  of  which  is,  that 
the  plasma  of  (he  blood  in  (he  part  becomes  inspissated  by  a preponderance  of  pro- 
tein mailer  over  the  sails.  'J'his  inspissation  of  the  plasma  determines  endosmotic 
changes  in  the  red  corpuscles,  in  consequence  of  which  they  are  disposed  to 

aggregate.  _ . 

§41.  flenle,  at  first,  gave  this  explanation  of  the  immediate  cause  of  stagnation 


• lit  supr.n,  p.  jn. 

1 Uerlchl  Ulicr  die  Arb.'ilen  im  CebiL'l  dcr  r.itioiullcu  I’atliologiu  sell  Aufuiig  dts  Jabres 
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11130.  p.  4.‘i. 


11 


of  the  blood  as  possible  only  ; but  he  now  thinks  that  the  appearances  of  the  red 
corpuscles  at  the  time  of  stagnation  (§§5-15-17)  beingsuchas  indicate  the  action  of 
an  inspissated  plasma,  render  the  opinion  more  probable. 

§ 42.  The  author  of  this  Report  cannot  agree  with  Henle,  that  relaxation  and 
dilatation  of  the  vessels  are  the  first  step  to  stagnation,  merely  by  virtue  of  their 
allowing  a retardation  of  the  flow  of  blood  in  the  affected  vessels  and  a copious 
exudation  of  serum  from  them,  so  that  the  plasma  becomes  inspissated, — inspissa- 
tion  of  the  plasma  being,  as  just  stated,  the  condition  which,  according  to  Henle, 
immediately  determines  the  agglomeration  of  the  slowly  flowing  corpuscles  and 
their  subsequent  stagnation. 

§ 43.  In  the  first  place  it  may  be  doubted  whether  the  serous  exudation  which 
accompanies  inflammatory  congestion,  does  not  really  follow  instead  of  precede 
the  stagnation ; — certainly  determination  of  blood  has  already  taken  place 
before  e.\udation ; and  determination,  it  is  to  be  remarked,  is  not  owing  to 
mere  retardation  of  the  flow  of  blood  but  also  to  accumulation  of  the  red  corpuscles, 
from  what  cause  will  be  seen  below.  As  to  the  rapid  diminution  in  tiie  quantity 
of  the  plasma,  observed  in  tlie  frog  at  the  time  of  stagnation,  it  can  be  more  easily 
supposed  to  be  owing,  as  above  hinted,  §17,  to  its  draining  off  from  among  the  red 
corpuscles  already  beginning  to  aggregate  than  that  the  sei’ous  part  of  tlie.  plasma 
should  have  exuded  in  such  quantity  and  so  suddenly  through  the  walls  of  the 
small  vessels  as  to  affect  the  blood  flowing  through  them. 

§ 44.  The  circumstance,  otherwise  very  interesting,  deduced  by  Henle  from 
the  analyses  of  blood  drawn  in  inflammation,  published  by  Andral  and  Gavarret, 
and  by  Simon,  viz.,  that  the  chemical  composition  of  the  exuded  serous  fluid  and 
of  the  blood  in  inflammation,  stands  in  such  a reciprocal  relation  as  to  show  that 
the  change  in  the  blood  might  be  in  a great  measure  owing  to  the  abstraction  of 
tlie  exuded  fluid,  does  not  prove  that  the  serous  fluid  was  exuded  before  the  stag- 
nation. And  this,  because  in  all  the  cases  the  blood  analysed  must  have  been 
drawn  in  the  fully  developed  stage  of  the  inflammation,  and,  of  course,  after  stag- 
nation had  taken  place,  and  when  exudation  might  well  have  been  subsequent 
to  it. 

§ 45.  That  the  change  which  the  blood  drawn  in  the  course  of  inflammation 
presents,  however,  is  not  owing  to  the  mere  abstraction  of  serum,  is  shown  by  this, 
that  the  red  corpuscles  are  proportionally  diminished  in  quantity  instead  of  being 
increased  as  they  ought  to  be,  according  to  Henle’s  supposition,  as  to  the  cause  of 
inspissation  of  the  plasma.  It  is  this  diminution  of  the  quantity  of  the  red  cor- 
puscles which,  according  to  the  author  of  this  Report,  accounts  for  fhe  preponder- 
ance of  fibrin  in  the  plasma,  the  red  corpuscles  having  become  resolved  into  it.* 


• See  the  author’s  observations  on  the  blood  in  this  Review  for  Oct.  1842.  Here  the  author  would 
beg  the  reader’s  indulgence  while  he  makes  a few  remarks  in  regard  to  himself  personally.  The  view 
that  the  red  corpuscles  may  be  considered  as  glandular  cells  first  occurred  to  him  independently,  but 
finding,  on  a reference  to  the  General  Anatomy  of  Professor  Henle  of  Zurich,  that  that  excellent  and 
accomplished  physiologist  had  anticipated  him,  he  immediately  sank  ail  pretension  to  the  view. 
Farther,  Dr.  Willis,  to  whom  the  author  of  this  report  had  communicated  his  views  regarding  the 
signification  of  the  red  corpuscles,  finding  in  Wagner’s  Physiology,  which  he-has  so  well  translated, 
a statement  to  the  effect  that  the  red  corpuscles  might  be  presumed  to  bear  the  same  relation  to  the 
pla.sma  and  its  normal  composition,  as  the  cells  of  secreting  glands  do  to  the  secreted  fluids,  made  it 
known  to  the  author  just  as  his  paper  on  the  blood  was  about  being  printed  off.  This  view  of  Wagner 
as  well  as  the  similar  one  of  Henle  the  author  inserted  without  any  reference  to  the  circumstance  that 
the  same  view  had  independently  occurred  to  him.  The  view,  however,  that  the  more  peculiar  ob- 
ject of  the  elaboration  performed  by  the  red  corpuscles.  Is  the  conversion  of  albumen  into  fibrin,  and 
that  the  augmentation  of  fibrin  in  the  blood  in  inflammation  is  at  the  expense  of  the  red  corpuscles, 
they,  in  consequence  of  their  increased  secretory  action,  being  more  quickly  and  in  greater  quantity, 
resoived  into  fibrin  than  in  health,  not  having  been  expressed  either  by  Wagner  or  Henle,  heallowed 
himself  to  enunciate  it  as  if  it  were  his  own.  And  in  this  he  believes  he  was  justified.  Dr.  Carpenter, 
however,  in  a report  in  this  Review  for  .Ian.  1843,  who,  it  is  to  be  remarked,  could  have  gained  his 
knowledge  of  the  subject  only  from  the  author’s  paper  and  Willis’s  tr.inslation  of  Wagner,  attributes 
the  view  to  Wagner  and  Henle,  merely  adding  the  name  of  the  author  of  this  report  after  theirs.  And, 
as  is  the  fate  of  statements  which  pass  from  onccom|iiler  to  another,  the  “Wagner,  Henle,  and  Wliarton 
Jones”  of  Dr.  Carpenter  is  curtailed  by  Dr.  Williams  to  “Wagner,  Henle,  andothers  !”ln  regard  to  all 
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§ 4G.  As  to  the  appearances  presented  by  llie  red  corpuscles  at  the  time  of 
nagregationmentionedat§§  15-17,  they  are  no  proof  of  inspissation  of  the  plasma. 
Similar  appearances  are  presented  by  blood  after  being  drawn  from  the  body 
(§  5);  and  when  care  has  been  taken  to  prevent  inspissation, — nay  when  llie 
fibrin  has  been  removed,  and  the  red  corpuscles  are  suspended  in  the  serum 
merely.  Besides  inspissation  of  the  plasma  by  an  increase  of  fibrin,  at  the  same 
lime  that  it  promotes  aggregation  of  the  red  corpuscles,  has  a tendency  to  produce 
c7jdosmotic  rather  than  ea;osmotic  changes. 

§ 47.  But  suppose  serous  exudation  does  occur  before  stagnation,  and  conse- 
quent inspissation  of  the  plasma, — unless  the  whole  exudation  of  serum  took  place 
at  once,  it  is  hard  to  conceive  how  the  blood  in  a part,  though  flowing  slowly  in 
the  capillaries,  could  be  much  affected  by  it.  For  the  portion  of  blood,  for  example, 
from  which  serum  is  being  given  out  will  liave  pa.ssed  on  into  the  veins  before 
inspissation  of  its  plasma  has  taken  place  to  a sufficient  amount  to  determine 
aggregation  of  its  red  corpuscles,  supposing  aggregation  to  be  brought  about  in 
this  wav,  and  will  have  been  replaced  by  a new  quantity  from  the  arteries. 

§ 48.'  In  this  way  exudation  of  serum  might  continue  to  go  on  without  being 
followed  by  aggregation  of  the  red  corpuscles,  until  the  plasma  of  the  whole 
blood  in  the  body  became  inspissated  to  the  due  extent,  ami  then  the  following 
difficulty  would  present  itself : — 

§ 49.  If  mere  inspissation  of  the  plasma,  together  with  a retarded  flow  of  the  blood, 
were  the  sole  condition  for  the  aggregation  of  the  red  corpuscles,  and  consequent 
stagnation  in  the  small  vessels,  why,  it  may  be  asked,  does  not  stagnation  take 
place  in  the  small  vessels  of  any  part  in  which  the  flow  of  blood  is  retarded  by  a 
bandage  or  any  other  means,  when,  as  in  acute  rheumatism  for  example,  the 
plasma  of  the  w hole  blood  is  much  inspissated  ? And  why  even  do  the  red  cor- 
puscles not  aggregate  within  the  small  vessels  in  the  healthy  and  natural  state  of 
the  plasma,  when  the  course  of  the  blood  through  these  vessels  is  retarded  by  any 
cause,  seeing  that  in  blood  out  of  the  body  the  red  corpuscles  aggregate  as  well 
when  the  plasma  is  of  natural  consistence  as  when  it  is  much  inspissated  only  not 
so  rapidly,  though  still  rapidly  enough  ? 

§ 50.  Stagnation  of  the  blood  must  thus  acknowledge  some  other  essential  cause 
than  inspissation  of  the.  plasma.  In  fact,  inspissation  of  the  plasma  is  not  at  all 
under  any  circumstances  the  essential  condition  of  the  aggregation  of  the  red  cor- 
puscles, either  without  or  within  the  small  vessels.  \Vhen  it  exists  it  can  merely 
promote  the  operation  of  the  essential  cause  when  this  is  allowed  to  come  into 
play.  This  is  an  important  distinction.  (§§  5-15-17-60.) 

§51.  Dismissing  from  consideration  then,  as  unsatisfactory,  the  preceding 
explanations  of  the  stagnation  of  blood  in  inflammation,  theinquiiy  presents  itself 
as  to  whether  stagnation  of  the  blood  in  infammation  may  not  be  referred  to 
alteration  o/powers,  influencing  the  condition  and  motion  of  the  blood  in  the  living 
body,  and  that  independent  of  any  contractions  of  living  solids  * 

§ .52.  Dr.  Alison  having  narrowed  the  question  as  to  “ whether  the  phenomena 
of  inflammation  can  be  explained  by  alteration  of  the  vital  powere  of  the  vessels 
in  which  the  blood  moves,”  down  to  this,  viz  , “Does  the  state  of  relaxation  in 
which  all  the  vessels  are  in  inflammation  afford  a sufficient  explanation  of  the 
changes  which  take  place  in  inflamed  parts  ?”  concludes  (p.  121)  that  “ inflammation 
and  its  effects  are  inexplicable  by  any  alteration  of  the  contractile  powers  of  the 
living  solids  concerned  in  it;  and  necessarily  imply  an  alteration  of  vital  proper- 
ties, by  whicli  the  constitution  of  the  blood,  its  relations  to  the  surrounding 
textures  and  its  movements  through  them  are  determined,  but  which  are  quite 

this  theauthor  of  this  report  would  observe— that  perhaps  Wagnerand  Ilcnle  would  repudiate  the  view 
as  Dr.  Carpenter  liiinself  does  ; If  not,  when  they  elaiin  it,  the  author  of  this  Iteport  will  yield  it  to 
them  • but  till  then,  he  iirotests  agiiinst  the  awatd  of  Drs.  Carpenter  and  Williams.  On  an  early  oc- 
casion, the  author  of  this  report  will  meet  Dr.  Carpenter’s  objections  to  the  view  in  question,  and  in- 
quire into  tliat  which  Dr.  Carpenter  proposes  to  substitute  for  it. 

• .Mison,  p.  115. 
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distinct  from  any  contraction  of  living  solids.  That  such  living  properties  exist 
(Dr.  Alison  goes  on  to  say),  that  they  effect  tlie  changes  taking  place  at  insensible 
distances  among  the  particles  of  the  blood,  and  that  they  are  altered  in  inflamma- 
tion, will  hardly  be  denied  by  any  pathologist.  That  they  are  capable  of  affecting 
the  visible  motion  of  the  blood  will  appear  a rash  assertion  only  to  those  who  have 
not  accustomed  themselves  to  consider  the  evidence  by  which  it  is  supported." 

§ 53.  The  conclusion  that  Dr.  Alison  comes  to  is,  that  inflammation  consists 
essentially  in  a local  increase  of  a vital  property  of  attraction  existing  among  the 
particles  of  the  blood,  and  between  them  and  the  surrounding  textures,  and  witli 
which  other  vital  properties  are  connected,  and  simultaneously  excited.  That  the 
proximate  cause  of  inflammation,  although  affecting  the  constitution  of  the  blood, 
does  not  reside  in  blood  only,  but  primarily  in  the  agency  on  the  blood  of  the 
solids  through  which  it  passes  in  the  capillary  vessels,  appears  clearly  from  the 
limitation  of  the  disease  to  a certain  locality  in  the  body,  from  the  fact  of  its 
easy  reproduction,  for  a long  time  or  for  life,  in  the  vessels  which  have  once  been 
the  seat  of  it. 

§ 54.  It  has  been  above  stated,  that  according  to  Vogel,  it  is  only  in  common 
congestion  that  the  dilatation  of  the  capillaries  is  primary,  and  then  it  has  for  its 
sole  effect  a retarded  flow  of  blood,  and  that  within  narrow  limits,  not  at  all  a total 
stagnation.  The  dilatation  of  the  capillaries  in  inflammation  on  the  other  hand, 
Vogel  thinks  is  secondary,  and  owing  to  mere  distension  from  the  accumulated 
and  stagnated  blood.  He  admits,  however,  that  common  congestion  may  precede 
inflammatory  congestion,  in  which  case  dilatation  of  the  vessels  from  relax- 
ation will  precede  their  distension  by  accumulated  and  stagnated  blood. 

§ 55.  The  cause  of  the  congestion  and  stagnation  of  the  blond  in  inflammation, 
Vogel  considers  to  be  a vital  attraction  betwixt  the  blood  and  the  parenchyma  of 
a part.  This  attraction  he  thinks  is  exerted  in  most  cases  by  the  parenchyma  of 
the  affected  part,  to  which  it  is  communicated  either  immediately  by  the  exciting 
cause,  or  mediately  through  the  nervous  system.  In  other  cases,  besides  de- 
pending on  a change  in  the  vital  force  of  the  parenchyma,  the  increased  attrac- 
tion depends  also  on  a vital  change  of  the  mass  of  blood. 

^ 56.  The  circumstance  that  the  red  corpuscles,  from  occupying  the  middle 
only  of  the  stream,  approach  the  wall  of  the  vessel  and  completely  fill  it,  Vogel 
thinks  has  its  natural  explanation  in  the  alleged  increased  attraction  between  the 
blood  and  parenchyma,  by  which  the  blood-corpuscles  naturally  approach  the 
walls  of  the  vessel.  The  exudation  of  serum,  which  always  takes  place  at  the 
same  time,  and  afterwards  of  plasma,  he  thinks  also  contributes  by  allowing  the 
corpuscles  to  come  closer  together,  and  to  the  walls  of  the  vessel. 

§ 57.  The  exudation  which  immediately  follows  stagnation,  Vogel  readily  ex- 
plains by  the  increased  attraction.  I'he  plasma  passes  out  through  the  walls  of  the 
vessels  as  through  a filter,  but  the  corpuscles  are  retained. 

§ 58.  Emmert,  entertaining  the  correct  opinion  that  mere  relaxation  and  dila- 
tation of  the  vessels  cannot  suffice  in  any  way  to  explain  stagnation,  considers  the 
positive  observation  of  adhesion  of  the  red  corpuscles  to  the  walls  of  the  vessels  as 
an  indication  of  the  operation  of  attraction  ; but,  as  Henle  remarks,  there  is  an 
attraction  of  the  corpuscles  for  each  other,  which  cannot  be  explained  by  a reci- 
procal attraction  betwixt  the  blood  and  parenchyma. 

§ .59.  Emmert  considers  the  attraction  to  belong  to  the  corpuscles  only,  and 
not  like  Vogel,  in  any  way  to  the  plasma,  which  is  merely  pressed  out.  Nor 
does  he,  like  Vogel,  admit  any  difference  between  inflammation  and  common 
congestion,  believing  that  in  both  cases  there  is,  besides  the  increased  attraction 
above  noticed,  dilatation  of  the  vessels. 

§ 60.  The  appearances  attending  the  stagnation  of  the  red  corpuscles  (described  in 
§ 16-17)  are  such  as  might  be  supposed  to  be  the  effect  of  a suspension  of  the  con- 
ditions by  which,  in  the  natural  state,  the  red  corpuscles  keep  in  the  middle  of  the 
stream,  neither  adhering  to  the  walls  of  the  vessels  nor  to  each  other,  and  do  not 
readily  enter  the  smallest  capillaries  ; the  effect  in  fact  of  the  establishment  of  an 
attraction  between  the  red  corpuscles  on  the  one  hand  and  the  walls  of  the  vessels 
on  the  other,  as  well  as  among  the  red  corpuscles  themselves,  instead  of  the  absence 
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of  attraction  or  tlie  actual  repulsion  which  nalurall}'  exists.  Hut  supposing  all  this 
—supposing  that  attraction  does  come  info  operation,  the  Cjueslion  remain.s,  How 
is  the  attraction  called  forth  ? or  what  are  tlie  conditions  on  whicli  it  immediately 
depends  ? or  even  which  attend  it  ? 

§ 61.  Alison  does  not  enter  into  this  question  particularly.  He  thinks  that  it  is 
through  the  intervention  of  the  nervous  system  that  cold  applied  externally  excites 
inflammation  of  internal  organs  ; but  whether  in  all  cases  the  exciting  cause  of  in- 
flammation act  through  the  nervous  system,  he  leaves  undetermined.  Amongst 
other  objections  which  he  mentions  miglit  be  urged  against  this,  is  the  fact,  to  be 
more  fully  noticed  below,  that  inflammation  occurs  in  an  organ  tlie  nerves  of  which 
have  been  cut.  This,  however,  as  will  be  immediately  seen,  is  no  proof  that  it  is 
not  through  the  nervous  system  that  the  exciting  cause  of  inflammation  acts,  for  it 
may  be  not  the  presence  but  the  absence  of  nervous  influence  which  is  the  nece.ssary 
condition. 

§ 62.  According  to  Vogel  the  attraction  is  owing  to  “ nervous  agency;”  or  to 
the  immediate  action  of  the  exciting  cause  on  the  parenchyma,  together  with, 
though  in  some  cases  only,  a change  in  the  blood. 

§ 63.  Leaving  out  of  view  a pre-existing  change  in  the  blood,  as  it  in  any  case 
can  only  be  accessory  not  essential  to  stagnation,  it  may  be  asked  how  does 
the  nervous  influence,  in  comparison  with  its  ordinary  and  natural  operation, 
act  in  communicating  the  attraction  for  the  blood  to  the  parenchyma?  is  it  by 
being  discharged  upon  the  parenchyma  in  increased  quantity,  or  by  being  alto- 
gether withdrawn  from  it  ? Again,  how  does  the  exciting  cause  of  inflammation, 
say  mechanical  or  chemical  injury,  by  its  immediate  action  on  the  parenchyma, 
call  forth  an  increased  attraction  in  it  for  the  blood  ? 

§ 64.  Without  some  sort  of  answer  to  these  questions,  the  proposition  that  there 
is  a vital  attraction  between  the  blood  and  parenchyma  does  not  amount  to  much 
more  than  the  mere  statement  of  the  fact  that  stagnation  takes  place  in  the  man- 
ner above  mentioned. 

§ 65.  Though  he  does  not  attempt  any  answer  to  these  questions,  Emmert  goes 
farther  in  the  way  of  explanation  than  Vogel,  inasmuch  as  he  points  out  some  of 
the  conditions  attending  the  operation  of  the  attraction.  Thus  he  points  out  that 
constriction  of  the  capillaries  (small  arteries)  and  attraction  between  the  parenchyma 
and  blood-corpuscles  are  in  antagonism.  That  when  the  constriction  of  the  ca- 
pillaries is  great,  the  attraction  between  the  parenchyma  and  blood  is  small,  hence 
there  is  no  congestion.  Wlien,  on  the  contrary,  there  is  relaxation  and  dilatation 
of  the  capillaries,  there  is  g7'eat  attraction  between  the  parenchyma  and  blood  : 
the  consequence  of  which  is  accumulation  and  stagnation  of  red  corpuscles. 

The  indication  of  these  relations  is  a very  important  step  towards  the  explana- 
tion of  the  cause  of  stagnation. 

§ 66.  It  thus  appears  that  the  advocates' of  the  attraction-theory,  as  Henle  calls  it, 
have  not  fully  made  out  their  case,  in  as  far  as  concerns  the  conditions  on  which 
the  attraction  between  the  corpuscles  and  the  walls  of  the  vessels,  and  among  the 
corpuscles  themselves  depends. 

§ 67.  Though,  as  above  shown,  Henle  has  not  succeeded  in  giving  a satisfactory 
explanation  of  the  proximate  cause  of  the  stagnation  of  the  blood ; he  has  con- 
tributed much  as  regards  the  theory  of  inflammation,  in  tracing  how  the  exciting 
cause  operates  in  determining  the  relaxation  of  the  walls  of  the  vessels,  with  con- 
sequent dilatation  of  their  caliber. 

68.  According  to  the  theory  which  Henle  supports  and  which  he  calls  neuro-pa- 
Ihological,  it  is  througli  the  nervous  system  that  the  exciting  cause  of  inflammation 
operates,  and  this,  as  is  also  ingeniously  argued  by  Ur.  Hilling,*  by  suspending 
the  nervous  influence  from  the  small  vessels,  and  conscnuently  determining  re- 
laxation of  their  walls  with  dilatation  of  their  caliber.  To  secure  a basis  for  tin’s 

* First  Principles  of  Medicine,  4th  edition,  p.  29.  Dr.  Billing's  explanation  of  the  mode  in  which 
congestion  is  brought  about  is  this : Inconsequence  of  exhaustion  of  the  nervous  Influence,  the  ca- 
pillaries become  weakened,  and  allow  of  over-distension  by  the  ordinary  Injecting  force  of  the  heart, 
and  the  part  is  thus  in  the  state  of  inflammation  or  congestion. 
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theory,  Henle  enters  into  a disquisition  proving  the  dependence  of  the  contrac- 
tility of  the  vessels  on  nervous  influence.  But  as  this  question  cannot  at  present 
be  entered  on,  reference  may  be  made  to  Henle’s  General  Anatomy,  and  to  his 
Report.  See  also  Wagner’s  Physiology  and  Billing’s  Principles  of  Medicine. 

§ 69.  Though  in  answer  to  the  question  (§  33)  whether  the  phenomena  of  in- 
flammation can  be  explained  by  alteration  of  the  vital  powers  of  the  vessels  in 
which  the  blood  moves,  as  narrowed  by  Dr.  Alison  down  to  this — “ Does  the  state 
of  relaxation  in  which  all  the  vessels  are  in  inflammation  afford  a sufficient  explana- 
tion of  the  changes  which  take  place  in  inflamed  parts  ?”  the  same  negative  conclusion 
may  become  to  with  Dr.  Alison,  viz.  (§  52,)  that  inflammation  and  its  effects  are 
inexplicable  by  any  (mere)  alteration  of  the  contractile  powers  of  the  living  solids 
concerned  in  it;  still  the  question  may  not  be  so  narrowed,  and  reason  maybe 
seen  to  admit  that  though  mere  relaxation  does  not  afford  a sufficient  explanation 
of  the  changes  which  take  place  in  inflamed  parts,  the  condition  on  which  the  re- 
laxation depends  may  also  be  the  condition  of  the  changes,  viz.  suspension  of 
nervous  influence.  Hence,  relaxation,  though  not  a cause  of,  would  be  coincident 
with,  the  changes,  and  even  play  a certain  part.  The  relations  above  referred  to 
(§  65)  as  pointed  out  by  Emmert,  speak  strongly  for  this  coincidence. 

§ 70.  Preliminary  to  entering  upon  an  exposition  of  the  theory  which  appears 
to  the  author  of  this  Report  to  harmonize  most  completely  with  all  the  facts  of  the 
case,  he  postulates  the  following  propositions,  delaying  what  proofs  may  further 
be  required  to  support  them,  in  addition  to  such  as  have  been  already  adduced 
or  will  be  adduced  further  on,  until  another  occasion,  when  it  is  proposed  to  con- 
sider the  whole  subject  of  contractility  and  its  dependence  on  nervous  influence. 

1“‘.  That  the  constriction  and  dilatation  of  the  caliber  of  the  small  arteries  at  least, 
if  not  of  the  capillaries,  is  owing  to  contraction  and  relaxation  of  their  w’alls  by 
virtue  of  the  vital  endowment  of  contractility  or  tonicity  which  they  possess  ; the 
exercise  of  which  contractility  is  dependent  on  nervous  influence. 

2‘*.  That  the  constant  moderate  exercise  of  this  endowment  on  which  the  ordi- 
nary state  of  tone  of  the  vessels  depends,  is  determined  by  the  constant  moderate 
discharge  of  nervous  influence. 

3**.  That  whilst  a greater  state  of  contraction  of  the  vessels  than  ordinary  is  owing 
to  an  increased  discharge  of  nervous  influence,  the  relaxation,  atony,  or  paralysis 
of  the  walls  of  the  vessels  on  which  their  dilatation  depends,  is  owing  to  tlie  sus- 
pension of  nervous  influence. 

4‘>>.  That  the  relaxation  with  dilatation  of  the  vessels  from  suspension  of  nervous 
influence,  is  the  precursor  of  the  retarded  flow  of  blood  and  stagnation. 

§ 71  • How  the  suspension  of  nervous  influence  from  the  walls  of  the  small  ar- 
teries on  which  their  dilatation  depends  is  produced,  involves  the  question  of  the 
mode  of  operation  of  the  exciting  cause  of  inflammation.  To  this,  as  already  pro- 
mised, attention  will  by  and  by  be  directed.  At  present,  inquiry  has  to  be  made 
how  the  suspension  of  nervous  influence  from  the  small  arteries  and  the  conse- 
quent relaxation  and  dilatation  of  these  vessels  are  connected  with  the  retardation 
of  the  flow  of  blood  and  subsequent  stagnation. 

§ 72.  In  entering  upon  this  inquiry,  the  author  of  this  Report  has,  in  the  first 
place,  to  remark  that  it  appears  evident  that  the  agglomeration  of  the  red  cor- 
puscles of  newly  abstracted  blood  is  owing  to  their  being  withdrawn  from  some 
influence  under  which  they  were  while  in  the  body,  an  influence  which  keeps  down 
the  tendency  to  aggregate. 

§ 73.  The  circumstance  that  the  red  corpuscles  of  extravasated  blood  aggregate 
shows  that  that  influence  is  exerted  on  the  blood,  not  in  any  part  of  the  body,°but 
only  while  within  the  vessels.  But  the  circumstance  that  the  red  corpuscles  do 
aggregate  in  inflammation  within  the  vessels  shows  that  the  influence  here  spoken 
of  may  cease  to  be  exerted  on  the  blood  even  there. 

§ 74.  Now  it  has  been  seen  that  it  is  not  when  the  vessels  are  constricted,  and 
consequently  when  they  are  receiving  nervous  influence,  but  when  they  are  dilated 
and  when  consequently  there  is  a suspension  of  nervous  influence  from  them  that 
^gS'cgation  of  the  red  corpuscles  and  consequent  stagnation  of  blood  takes  place 
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in  the  capillaries.  The  natural  inference  from  this  is  that  the  influence  nliich 
keeps  down  the  tendency  of  the  red  cor|)uscles  to  aggregate  is  communicjited  to 
them  by  the  nerves  accompanying  the  small  vessels,  arteries  as  well  a.s  capillaries, 
as  the  blood  passes  through. 

§ 75.  When  then  the  nervous  influence  is  withdrawn  from  the  small  arterie.s, 
and  they  have  in  consequence  become  relaxed  and  dilated,  and  when  any  ner- 
vous influence  which  may  naturally  be  discharged  on  the  capillaries  is  from  the 
same  cause  withdrawn,  the  blood  slowly  flows  through  the  dilated  small  arteries 
into  the  capillaries  as  into  an  indifferent  cavity  and  in  the  same  condition  as  re- 
gards tendency  of  the  red  corpuscles  to  aggregate  as  blood  is  when  newly  drawn 
from  the  body,  or  when  extravasated,  as  well  as  with  the  same  change  in  appear- 
ance. H 5-15-17-60-65. 

§ 76.  Aggregation  of  the  red  corpuscles  accordingly  takes  place,  some  at  the 
same  time  adhering  to  the  walls  of  the  vessels.  This  latter  phenomenon  is  to  be 
attributed  in  like  manner  to  the  suspension  of  nervous  influence  from  the  small 
vessels.  For  it  is  to  be  observed  that  the  circumstance  of  the  red  corpuscles 
keeping  together  in  the  axis  of  the  stream,  and  aloof  from  the  walls  of  the  vessels 
in  tlie  natural  state  of  the  circulation  may  be  accounted  for  with.  Mr.  Martyn 
Roberts*  by  the  nervous  influence,  annulling  the  attraction  of  adhesion,  or  causing 
a repulsion  between  the  red  corpuscles  and  walls  of  the  vessels  at  the  same  time 
that  it  does  so  among  the  red  corpuscles  themselves.  The  suspension  of  the  re- 
pulsion between  the  red  corpuscles  and  walls  of  the  vessels  also  allows  the  entrance 
of  red  corpuscles  in  numbers,  into  the  very  small  vessels  into  which  they  before 
occasionally,  and  few  in  number  only  entered.  10.) 

§ 77.  The  retarded  flow  of  blood  which  precedes  the  stagnation,  and  which,  ac- 
cording to  Henle,  is  wholly  the  physical  effect  of  the  dilatation  of  the  paralysed 
vessels,  can  be  admitted  to  be  so  in  part  only,  being  greater  than  the  dilatation 
appears  physically  to  account  for.  The  other  cause  appears,  from  what  has  been 
above  said,  to  be  the  commencing  attraction  among,  and  agglomeration  of  the 
red  corpuscles,  as  also  the  commencing  attraction  between  them  and  the  walls  of 
vessels.  By  the  dilatation  of  the  vessels,  retardation  of  the  flow  of  blood  as  a 
whole,  as  a fluid  is  determined ; the  additional  retardation  by  the  commencing  at- 
traction, affects  the  corpuscles  only,  hence  their  accumulation  in  increased  quantity 

while  the  plasma  passes  on.f  . , . , ... 

§ 78.  As  the  retardation  of  the  flow  of  blood  accompanying  relaxation  and  dila- 
tation  of  the  vessels  is  not  alone  owing  to  that  dilatation,  so  on  the  other  hand,  the 
accelerated  flow  of  blood  which  accompanies  constriction  of  the  vessels  is  not  alone 
owing  to  that  constriction,  but  in  part  to  diminished  attraction,  or  actual  repulsion. 
The  increased  discharge  of  nervous  influence  which  determines  the  contraction  of 
the  walls  of  the  vessels,  at  the  same  time  calls  forth  diminished  attraction  or  actual 
repulsion  between  the  walls  of  the  vessels  and  the  red  corpuscles,  as  well  as  among 

the  red  corpuscles  themselves.  .•  i • i i 

§ 79.  The  view  of  the  process  leading  to  inflammatory  congestion  which  has 
now  been  laid  before  the  reader,  explains  why  when,  in  inflammatory  fever,  the 
plasma  of  the  blood  in  general  is  much  inspissated,  and  the  tendency  of  Uie  red 
corpuscles  to  aggregate  when  the  blood  is  withdrawn  from  the  body,  consequently 
increased,  stagnation  does  not  occur  in  any  set  of  capillaries  in  which  the  flow  of 
blood  may  be  retarded.  The  nervous  influence  which  continues  sti  1 to  be  ex- 
pended  on  the  small  arteries  of  the  part,  prevents  it  by  keeping  doivn  the  tendency 
of  the  red  corpuscles  to  aggregate ; mere  inspissation  of  the  plasma  as  above  shown 
not  being  the  essential,  but  merely  a promoting  condition  for  the  aggregation  of 

tlip  r0(l  corpusclGs.  • . 

S 80.  But  of  course  if  in  a case  in  which  the  plasma  is  much  inspissated,  irrita- 
tion be  applied,  and  relaxation  or  paralysis  and  dilatation  of  the  small  vessels  o 


• On  the  Analogy  between  the  Phenomena  of  the  Flectric  and  Nervous  Influences ; In  the  London, 

Edlnburch,  and  Dublin  Philosophic, il  Miigar.ine  for  July,  1041.  . . u i 

t Emmert  observed  that  when  the  crural  vein  of  the  frog  was  tied,  the  blood,  which  was  in  co  - 
sequence  stagnated  in  the  capillaries,  presented  an  equal  proportion  of  plasma  and  corpuscles. 


17 

\ 

llie  part  be  produced,  and  consequently  the  influence  keeping  down  the  tendencv 
of  the  red  corpuscles  to  aggregate  be  withdrawn,  stagnation  of  the  blood  will  take 
place  with  proportionally  increased  readiness.  Inspissated  plasma,  as  above 
shown,  § 50,  acting  as  a promovent  of  the  aggregation,  though  not  itself  the  essen- 
tial cause. 

§ 81.  The  view  further  explains  why,  when  congestion  is  owing  merely  to  an 
impediment  to  the  flow  of  blood  in  the  veins  of  the  part,  the  red  corpuscles  do 
not  adhere  to  each  other,  and  to  the  walls  of  the  vessels  as  in  true  inflammatorv 
congestion, 

§ 82.  Amidst  the  obstructed  vessels  as  above  mentioned,  § 12,  a few  here  and 
there  may  still  be  seen  pervious,  and  through  them  the  mass  of  blood  is  directed  o(f 
m acce  erated  streams,  just  as  the  water  of  a river  would  be,  if  obstructed  by  other 
Chanels  leading  from  the  main  channel  above  the  place  of  obstruction. 

The  acceleration  of  the  stream  of  blood  is  the  necessary  physical  result  of  the 
contraction  of  its  aggregate  channel. 

This  indicates  that  all  the  nerves  of  the  vessels  of  the  part  are  not  affected 
VA  ere  all  affected  there  would  be  mortification  of  the  part.  The  different 
forms  of  inflammation  of  which  a part  is  susceptible  are  probably  in  part  owin? 
to  a difference  in  the  extent  to  which  the  nerves  of  its  vessels  are  affected.  ^ 

V.  MODE  OF  ACTION  OF  THE  EXCITING  CAUSE  OP  INFLAMMATION. 

§ 83.  That  the  exciting  cause  of  inflammation  acts  through  the  nervous  system 
had  been  supposed  by  many,  and  indeed  acknowledged  as  certain  in  the  case  of 

te^S^Mt.  from  cold,  but  nodetailed  explanation  was  at- 

of  the  part  which  the  nervous  system  plays  until  recently, 
indebted  to  Henle*  and  Stilling.f  ^ 

§ 84  Before^going  into  the  subject  wilh  Henle  and  Stilling,  it  will  be  proper  to 
notice  briefly  the  opinions  of  Drs.  Macartney,  Copland,  and  Billincr.  ^ 

Granting  that  increase  of  blood  in  a part  is  an  evidence  of  Tncreased  vital 
power,  and  vice  versa,  it  does  not  follow  that  the  means  by  which  the  increase  of 
brought  about  is  increased  action  of  all  parts  concerned  The 
^tion  of  one  part  may  relax  in  order  to  give  effect  to  the  action  of  another  Dr 
dSon  thinking  so,  and  recognizing  dilatation  of  the  vessels  as  a con- 

fat  nn  5 congestion,  supposed,  as  above  mentioned,  that  this  dila- 

m^thpt  °/  though  one  of  quite  an  opposite  nature 

to  that  of  muscle.  Instead  therefore  of  a suspension  of  nervous  influe^eLm  the 

irincrlf«!>?  admitted  § 68,  et  seq.  Dr.  Macartney  maintains  that  there 

matinn  ortf. ener^.  I J is  explanation  of  how  the  exciting  cause  of  inflam! 
mation  operates  through  the  nervous  system  is  in  accordance  with  this  and  is  con 
Y *5u^te  the  opposite  of  the  view  to  be  explained  below— in  fact  so  much 
rboSt“^^^  " reader’s  atl:Z^^^^ 

According  to  Dr.  Copland,  (who  first  promulgated  his  views  on  inflammatiAn 
many  yems  ago,)  in  sthenic  inflammations,  orlanic  nervous  influei^^e  T^ 

! U''‘e"“chingen,  1840,  and  also  < Dericht/  ut  sunra 

■r/iiaSS?  nicdidniseh-praktischc  Un'tei.uchuncen  liter  die  Spinal- 
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All  inquiry  how  the  exciting  cause  of  inflammation  operates  in  proilucing  this  sus- 
pension of  nervous  influence  now  claims  attention. 

§ 86.  The  theory  which  Henle,  hy  his  physiological  investigation  of  the  sub- 
ject, has  been  led  to  form  of  the  mode  of  action  of  the  exciting  cause  of  inflam- 
mation, in  determining  the  suspension  of  nervous  influence  from  the  small  vessels 
on  which  their  relaxation  and  dilatation  depend,  is  this : 

The  exciting  cause,  of  what  nature  soever  it  may  be,  whether  external  or  in- 
ternal, acts  primarily  on  sensitive  nerves,  exalting  their  activity.  The  motor 
nerves  of  the  vessels  which  have  sympathetical  relations  with  the  excited  sensi- 
tiv'e  nerves,  are  secondarily  affected.  But  this  affection  of  the  motor  nerves  of 
the  vessels,  which  supervenes  by  reflex  action  on  the  excitement  of  the  sensitive 
nerve,  is  not  a corresponding  state  of  excitement,  but  an  opposite  one  of  depres- 
sion, of  suspension  of  action,  of  paralysis. 

§ 87.  This  form  of  sympathy,  in  which  the  state  of  excitement  of  one  nerve  de- 
termines depression  of  another,  Henle  calls  antagonism;  tlie  name  of  si/mpalhy  in 
a restricted  sense  being  retained  for  that  form  in  which  a state  of  activity  of  one 
nerve  is  called  forth  by  a corresponding  state  of  another.  This  latter  form  is 
more  common  in  the  domain  of  the  cerebro -spinal  system;  the  former  in  the 
domain  of  the  ganglionic  system,  the  source  of  the  nerves  of  the  vessels. 

§ 88.  Sometimes,  however,  sympathy  is  exemplified  in  the  vessels  by  constriction 
supervening  on  irritation  and  pi'eceding  dilatation.  But  in  most  cases  relaxation 
and  dilatation  of  the  vessels  from  suspension  of  nervous  influences,  are  the  primary 
effect  of  the  irritation,  no  matter  whether  that  irritation  have  been  yolent  or 
moderate.  Hence  Henle  contends  that  the  relaxation  of  the  vessels  on  which  then- 
dilatation  depends  cannot  be  a mere  consequence  of  exhaustion  of^e  vessels  from 
previous  action,  as  has  been  suggested  by  Alison  (p.  117)  and  Billing,  but  can 
only  be  antagonistic.  Into  this,  however,  it  is  not  necessary  to  enter ; for,  provided 
suspension  of  nervous  influence  and  consequent  dilatation  of  the  vessels,  do  take 
place,  it  is  indifferent  for  the  theory  of  the  proximate  cause  of  inflammation  above 
kpounded  whether  that  state  of  the  vessels  be  the  result  of  antagonism  or  of  ex- 
haustion succeeding  a state  of  activity  induced  by  sympathy 

& 89  Inflammation  excited  by  exposure  to  cold  often  affects  some  part  otliei 
than  that  to  which  the  cold  was  immediately  applied.  In  such  a case  it  may  be 
said  hie  stimulus,  ibi  fluxus,  but  in  most  cases  of  external,  trauinatic  inflammation 
which  come  under  notice,  the  congestion  occurs  at  the  place 
was  applied,  uhi  stimulus,  ibi  fluxus.  Hence  the  widely-spread  belief  ^^at  the 
initation  affects  the  vessels  directly ; but  to  say  nothing  of 

of  reflexion  on  remote  vessels,  hic  stimulus,  ibi  fluxus,  which  may  be  adduced 
in  contradiction  of  the  belief  referred  to,  such  for  example  as  the  circumstance, 
that  irritation  of  the  conjunctiva,  or  of  the  mucous  membrane  of  tlie  nose,  excites 
the  congestion  in  the  lacrymal  gland  on  which  the  discharge  of  tears,  resulting 
from  till  irritation  depends,  a pathological  one,.in  various  ways  more  in^^tn^e, 
will  be  adduced  below  in  the  inflammatory  congestion  of  tlie  conjunctiva  and  scle- 
rotica which  supervenes  on  a wound  of  the  cornea. 

VI.  EXPLANATION  OF  THE  OCCURRENCE  OF  INFLAMMATION  OF  A P.-VRT  AFTER 
SECTION  OR  DISEASE  OF  ITS  NERVES. 

§ 90.  In  those  cases  in  which  inflammaUon  of  an  organ  f 
some  part  of  the  sympathetic  .system-of  the  eye  for 
sympathetic  in  the  neck,  as  also  in  those  cases  in  which 

supervened,  on  section  of  the  fifth  pair,  and  of  the  lungs  and  stomach  on  se^ction 

of  the  par  vagum — the  inflammation  was  at  first  attributed  to  the  • 

°omc  poculiSr  influenoe  supposed  lo  be  exerted  by  the  nerves  »'■“  ^ 

procostes.  Dr.  Alison,  however,  combated  llie  opmion 

cesses  are  in  any  direct  manner  under  nervous  influence.  And  in 

cases  in  which  inflammation  of  the  eye,  lungs,  and  stomach  siT^wencd  ^t  on 

of  (heir  nerves,  supposing  that  these  nerves  are  wholly  sensitive,  he  sugg 

that  the  inflummatimi,  instead  of  being  a direct  effect  of  their  section,  might  rati 
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bean  indirect  result  of  the  suspension  of  sensation  produced  by  the  section;  and  in 
this  way : He  sunposed  that  due  secretion  on  the  surface  of  the  mucous  mem- 
branes implicated  is  determined  by  the  exigencies  of  the  part  in  this  respect  being 
made  known  as  it  were  by  the  sensitive  nerves.  These  nerves  being  cut,  the 
secretion  becomes  diminished  and  altered,  the  consequence  of  which  is  that  irrita- 
tion  by  foreign  matters  is  allowed  to  operate  to  an  extent  to  excite  inflammation. 
Dr.  Alison  does  not  offer  any  explanation  of  the  occurrence  of  inflammation  of  an 
organ  after  section  of  some  part  of  the  sympathetic. 

• ^ progress  of  physiology  has  confirmed  Dr.  Alison’s  opinion  as  to  the 

nnmediate  non-dependence  of  the  nutritive  processes  on  the  nervous  system. 
JNervesact  indirectly  only,  and  that  by  virtue  simply  of  their  ordinary  sensiferous 
and  motiferous  endowments.  Even  the  sympathetic  as  fii-st  declared  by  Stilling, 
acts  inno  other  way.  And  why  it  appears  to  be  more  particularly  the  nerve 
governin^g  nutrition  i^s  explained  by  the  circumstance  that  it  is  the  principal 
source  of  the  nerves  of  vessels.  ^ ^ 

to  inflammation  of  an  organ  occurring  after  section  of  some  part 
of  f^eclares  it  to  be  owing  simply  to  paralysis  of  the  walls 

of  the  vessels,  fiom  section  of  the  source  whence  their  motor  nerves  are  derived, 
oipfini  conjunction  with  the  theory  of  the  proximate  cause  of  inflam- 

/ qo  above  enunciated,  appears  to  be  the  true  and  natural  explanation, 
mrl  ioTTinnh  J°®^"™ation  ot  tlie  eye  after  section  of  the  fifth  pair,  and  of  the  lungs 
nailS  pU  ^5®. par  vagum,  Stilling  declares  to  be  the  effect  of 

the  following  indirect  manner  :-He  supposes 
that  a reflex  action  from  sensitive  nerves  to  the  nerves  of  vessels  is  constantly  going 
on,  and  IS  a necessary  condition  of  the  activity  of  the  vessels  When  thmSfore^ 

of  {his  reflex  action  Ses  plac'fthe 
^ u ^ ^ ^ paralysis  of  the  nerves  of  the  vessels. 

to  Alison’s^'’  view  of  Stilling,— and  the  objection  is  also  applicable 

ror  me  noimal  function  of  the  vessels,  the  loss  of  sensibility  must  in  everv  case  be 

e fro  J are  cu  fir  eln  i the  nerves  of  the  leg  of 

e frog  are  cut,  for  e^mple,  the  circulation  nevertheless  continues.  ^ 

of  fensitiVr^etef  f’  ®J^g^“^tion  of  blood  which  takes  place  after  section 

when  the  source  of  the.se  nerves  is  imulicated  the  . *^be  section.  But 

IS  affected,  as  shown  by  the  experiments  of  hlourens  anrl  small  vessels 

”T?7”  capnianir*^"®*’ 

violent  after  S„°of  Te”fiS  lllanelfritaSff  °”i?  “ '"o'-' 

trunk  above  the  ganglion  of  Gasser  Tlil«f-i  f i • i ^ tbe  section  of  the 

S.i..in.aview,iefHfn.eultel:i,lS^t’,r^^^^^^ 


• See  also  Macartney  on  Inflammation, 


1>.  13,1. 
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case,  all  the  nerves  of  the  vessels,  including  those  contributed  by  tlie  sympathetic, 
are  cut;  in  the  second  case,  probably  only  a small  number,  which  are  from  the  first 
mingled  with  the  trigeminus. 

& 1)8.  The  readiness  with  which  inflammation  may  be  excited  by  sliglit  irritation 
in  paralysed  limbs,  may  be  collated  with  the  readiness  with  which  reflex  action 
occurs  in  the  same  limbs.  As  slight  irritation  calls  forth  by  reflexion  contraction 
of  the  muscles  (sympathy),  so  a similarly  slight  irritation  calls  forth  by  reflexion 
relaxation  of  the  vessels  (antagonism.)  ..... 

s 99.  The  inflammation  which  sometimes  accompanies  spinal  irritation,  or 
ne^algia,  Stilling  explains  in  the  same  way  as  he  does  that  which  results  from  the 
section  of  the  fifth  pair  for  instance,  he  .supposing  that  in  neuralgia  the  sensitive 
nerves  are  in  a state  of  paralysis.  Henle  maintains  the  opposite,  and  explains 
the  inflammation  on  the  principle  of  antagonism  above  mentioned,  tlius:— Neuralgia 
being  a state  of  excitement  of  a sensitive  nerve,  determines  antagonistic  paralysis 
of  the  motor  nerves  of  the  vessels  of  the  part,  whence  relaxation  of  tlieir  walls  and 
dilatation  of  their  caliber, 

§ 100.  In  the  preceding  part  of  this  Report,  where  the  immediate  cause  of  tlie 
stagnation  of  the  blood  in  inflammation  is  under  discussion,  no  reference  is  made 
to  Stilling’s  views  on  the  subject.  Here  it  may  be  mentioned,  that  in  addition  to 
the  set  of  cases  above  considered ; viz.,  1st,  those  occurring  after  section  of  the  sym- 
pathetic • 2d,  those  occurring  after  section  of  sensitive  nerves  ; and  3d,  those  accom- 
panying spinal  irritation ; in  which  he  says  that  there  is  paralysis  of  the  nerves  and 
relaxation  and  dilatation  of  the  vessels;  he  admits  another  set  of  cases— traumatic 
—in  which  on  the  contrary,  there  is  constriction  of  the  ves.sels  in  consequence  of 
increased  action  of  their  motor  nerves,  determined  from  reflexion,  from  increased 
excitement  of  the  sensitive  nerves.  He  does  not,  however,  attempt  any  detailed 
explanation  of  how  the  paralysis  of  the  nerves  and  relaxation  and  dilatation  of  the 
vessels  in  the  one  case,  or  the  excitement  of  the  nerves  and  constriction  of  the 
vessels*  in  the  other,  determine  the  stagnation.  In  the  latter  case,  in  particular, 
he'makes  no  use  of  the  alleged  increased  tone  of  the  vessels  in  giving  an  explana- 
tion of  the  cause  of  the  stagnation  of  the  blood,  but  ascribes  it  to  a morbid  con- 
dition of  the  blood ; thus,  as  Henle  remarks,  giving  up  his  own  principle,  that  the 
cause  of  inflammation  operates  through  the  nervous  system,  and  calling  into  his 
aid  a humoral  pathological  theory  exactly  in  cases  in  which  a change  of  tlie  liumouis 

is  least  probable. 

VIl.  EXUDATION, 

& 101.  Immediately  after  or  during  the  stagnation  of  the  blood,  exudation 
commences.  From  being  at  first  serous  the  exuded  fluid  comes  at  ast  to  be  pure 
plasma,  or  at  least  a fluid  containing  a greater  or  less  quantity  of  fibrin 
^ S 102.  The  exudation  may,  in  the  aggregate,  be  attributed  to  the  thinning  of 
the  walls  of  the  vessels,  from  their  relaxation  and  dilatation  on  the  one  hand,  and 
the  pressure  from  within  the  vessels  on  the  other.  Besides  these,  anotlier  con- 
dition suggests  itself  as  likely  to  promote  exudation,  viz.,  the  circumstance  that 
the  plasma  will  be  pressed  out  trom  among  the  aggregating  corpuscle.s  even  when 
the  blood  would  not,  if  out  of  the  body,  present  the  bufty  coat,  and  diat  because 
within  the  body  the  fibrin  of  the  plasma  does  not  so  readily  coagulate. 

s 103.  When,  however,  the  mass  of  blood  ha.s  already  become  changed  to  that 
condition  in  which  the  bufty  coat  would  present  itself  were  the  blood  draw  n ft om 
the  body,  the  plasma,  at  the  same  lime  that  it  is  more  quickly  and 
squeezed  out  fmm  among  the  aggregating  red  corpuscles,  wil  f f 

greater  quantity  and  richer  in  fibrin,  tor  transudation  ttirougli  the  walls  of  Uie 

The  question,  however,  occurs,  why  does  serum  alone  nass  out  first ? 
'I’lm  author  of  this  Report  thinks,  with  Dr.  WaLson,  (Lectures  on  the  1 ractioe  of 
Phvsic  vol,  i,  p.  15.'),)  that  it  i.s,  as  in  common  mdeina.owin^  to  obstrucUon  ; the 
ifcioVin  mllainmati^  from  the  -stagnation  ot  t1ie  blom  But  I o w 

obstruction  dcteiniines  exudation  of  serum  alone,  remains  a question,  lo  I j 
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to  a solution  of  tliis,  it  may  bo  stated  that,  according  to  Kiirschner,  water  passes 
most  quickly  through  animal  membranes,  and  saline  solutions  more  quickly  than 
viscid,  gummy,  anci  albuminous  solutions. 

§ 105.  None  of  the  corpuscles  of  the  blood  pass  out  along  with  the  exuded 
fluid  as  long  as  the  vessels  are  entire.  But  it  is  often  observed  that  at  certain 
points  tlie  walls  of  the  vessels  in  which  the  blood  was  stagnated,  have  given  way, 
and  permitted  an  extravasation  of  both  red  and  colourless  corpuscles. 

§ lOG.  With  exudation  is  completed  the  inflammatory  process,  properly  so 
called. 


vni.  INFL.\MMATION  OF  NOX-VASCULAR  PARTS. 

§ 107.  In  certain  non-va.scular  parts  morbid  actions  may  go  on  in  all  respects 
similar  to  those  which  usually  attend  or  result  from  inflammation.  The  cornea, 
for  example,  though  it  is  vascular  whilst  being  developed,  is,  in  its  fully  formed 
and  healthy  state,  non-vascular ; and  yet  inflammation  of  the  cornea  is  spoken 
of. 

§ 108.  The  cornea,  there  is  reason  to  believe,  derives  the  materials  necessary 
for  its  nutrition  from  the  blood  circulating  in  the  vessels  of  the  adjoining  parts  of 
the  conjunctiva  and  sclerotica.  Let  it  be  inquired  what  takes  place  in  the  cornea 
when  there  is  applied  to  it  such  an  irritation  as  would  excite  inflammation  in  one 
of  the  vascular  parts  of  the  eye. 

§109.  When  the  cornea  is  injured  then,  congestion  of  the  vessels,  of  the  ad- 
joining parts  of  the  conjunctiva  and  sclerotica  takes  place,  and  exudation  into  the 
substance  of  the  cornea  by  and  by  ensues.  Thus,  though  non-vascular,  and  of 
course  not  the  seat  of  inflammatory  congestion,  it  becomes  the  seat  of  a very  im- 
portant part  of  the  inflammatory  process — the  most  important  part,  perhaps,  as 
regards  the  events  of  the  process. 

§ 110.  The  cornea  in  this  state  may  therefore  be  said  to  be,  to  all  intents  and 
purposes,  inflamed — the  only  difference  in  respect  to  it,  as  compared  with  vascular 
parts,  being  that  the  vascular  congestion  is  not  in  it,  but  in  adjoining  structures. 

§ 1 11.  On  the  other  hand,  it  is  to  be  remarked,  that  although  these  adjoining 
structures  are  the  seat  of  the  congestion,  little  or  no  exudation  may  take  place  in 
them  or  on  them,  and  they  may  therefore  be  said  scarcely  or  not  at  all  to  be  the  seat 
of  inflammation  as  regards  the  events  of  the  process.  When  the  conjunctiva  and 
sclerotica  are  really  inflamed,  exudation  in  or  on  them  may  occur;  but  then  the 
congestion  is  different  in  seat  and  extent  from  what  it  is  in  the  former  case,  and 
there  m<iy  be  no  exudation  into  the  cornea — the  cornea  may  remain  unafTected. 

§ 1 12.  In  the  progress  of  inflammation  of  the  cornea,  this  structure  may  become 
va.scular,  but  such  an  event  is  owing  to  the  development  of  new  vessels,  such  as 
happens  in  inflammation  of  vascular  parts,  and  as  will  be  considered  on  another 
occasion. 

§ 113.  Though  inflammation  of  the  cornea  considered  as  a non-vascular  part,  has 
been  thus  dwelt  on,  the  truth  is  that  all  tissues  as  regards  their  component  ele- 
ments are  properly  speaking  non-vascular,  and  differ  from  the  cornea,  only  in  de- 
gree of  proximity  to  the  vessels,  and  therefore  in  inflammation  only  in  degree  of 
the  pro.ximity  to  the  source  of  the  exudation. 

§ 1 14.  But  this  very  difference  presents  a natural  analysis  of  the  inflammatory 
process.  It  enables  one  to  observe  separately,  the  two  great  stages  of  inflam- 
mation proper,  the  congestion  and  the  exudation, — the  congestion  in  one  place,  the 
exudation  in  another.  It  also  enables  one  to  observe,  as  will  be  shown  on  another 
occasion,  in  an  uncomplicated  manner,  the  eventual  stages  of  inflammation,  such 
as  reorganization  and  suppuration.  Lastly  and  especially,  it  enables  one  to  ana- 
lyse the  mode  in  which  the  inflammatory  irritation  is  communicated  to  the  ves- 
sels, in  other  words,  the  mode  of  action  of  the  exciting  cause. 

§ 1 15.  In  what  is  ordinarily  called  a va.scular  part,  the  irritation,  for  aught  that 
could  be  said  to  the  contrary,  excej)t  by  a round  about  process  of  reasoning  as  above 
seen,  might  act  directly  on  the  vessels  as  some  maintain,  but  in  the  case  of  irri- 
'.ation  applied  to  the  cornea  alone,  and  not  either  to  the  conjunctiva  or  sclerotica. 
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it  cannot  do  so.  And  for  the  very  simple  reason  that  there  are  no  vessels  in  it  to 
be  acted  on.  The  vessels  which  are  affected  are  those  of  the  conjunctiva  and  scle- 
rotica. 

§ 116.  The  mode  in  which  these  vessels  are  affected  in  consequence  of  irrita- 
tion applied  to  the  cornea  alone  appears  to  be  this:  Excitement  of  the  sensitive 
nerves  of  the  cornea,  (for  the  cornea  has  nerves,  though  no  vessels,  as  at  first 
shown  by  Schlemm,  and  since  found  by  Valentin,  Pappenheim,  and  others,)  calls 
forth  antagonistically,  according  to  Henle’s  principle,  a state  of  depression,  a tem- 
porary paralysis  of  the  motor  nerves  of  the  contractile  fibres  of  the  walls  of  the 
small  arteries  opening  into  the  capillary  network  of  the  conjunctiva  and  sclerotica, 
adjoining  the  cornea.  The  consequence  of  this  is  first  relaxation  and  dilatation  of 
those  arteries,  and  then  accumulation  and  stagnation  of  blood  in  the  capillaries  in 
the  manner  already  explained. 

In  the  foregoing  Report,  no  reference  has  been  made  to  Mr.  Travers's  recent  work  on  Inflammation, 
as  it  is  principally  occupied  with  the  events  of  inflammation  and  the  healing  process.  There  is 
indeed  nothing  in  it  on  the  theory  of  inflammation  proper,  beyond  the  statement  of  the  fact  of  stag- 
nation of  the  blood  in  the  vessels,  and  the  effusion  or  exudation  contingent  on  it. 
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